ABSTRACT. Nucleotide sequences of cytochrome b/tRNA/D-loop region on mitochondrial DNA of mustelids feces were compared to identify species. PCR amplification of target sequence for 47 (24.9%) feces and species identification of five feces (2.6%) out of 189 feces, collected at several study sites in Hokkaido, were successful. Species of three feces were Martes zibellina and those of other two feces were Martes melampus and Mustela itatsi. The low success rate of identification appeared to be due to failure of PCR amplification by inhibitors in feces. It was suggested that the method used in this study was useful for not only identify mustelids species, but also analyzing their genetic relationships. KEY WORDS: fecal sample, Martes zibellina, mitochondria DNA, mustelid, nucleotide sequence.
Identification of feces is an important technique to reveal feeding habitat or habitat use of wildlife. However, as feces of Mustelids resemble each other, species identification of them is difficult. Two techniques for species identification of carnivore feces were reported [2, 3] . One technique used amplification of 500-1,000 bp region of cytochrome b/ tRNA/ D-loop region on mitochondrial DNA (mtDNA) and digestion of them by restriction enzymes [2] . Another technique, using shorter part of cytochrome b on mtDNA, was developed for identification of fecal samples of otter, Lutra lutra, American marten, Martes americana, and polecat, Mustela putrius [3] . However, these studies did not consider elimination of contaminant such as prey DNA. In addition, those studies did not represent applicability of methods in actual field study.
I developed a technique for species identification of mustelids feces by comparing mtDNA sequences and calculated the success rate of species identification by this technique. I also examined the sequences to analyze their genetic relationships, because it is difficult to obtain carcasses or living animals of mustelids. By using this technique, contamination by prey DNA could be effectively eliminated.
MATERIALS AND METHODS

Collection of fecal samples and extraction of DNA:
Feces were collected at several sites indicated on Fig. 1 . PCR was performed with 35 cycles (94°C for 30 sec, 55°C for 60 sec, 72°C for 90 sec) and then reaction was completed at 72°C for 10 min. Total of 40 µl of PCR products were purified by Qiaquick purification kit (QIAGEN). Obtained eluate was used as a template for direct sequencing by GeneAmp PCR systems 9700 (Perkin Elmer Inc., Wellesley, MA, U.S.A.) and ABI Prism TM 377 (Perkin Elmer Inc.).
Data analysis: Sequences were aligned by the multiple alignment program, Clustal W ver.1.7 [9] . I calculated Kimura's two parameter [4] as a genetic distance by using a computer program, Philip ver.3.573 (Phylogeny Inference Package by Joseph Felsenstein). The haplotype which has the closest genetic distance with each fecal sample was considered to reflect the species of sample. Phylogenetic trees were reconstructed by neighbor-joining method [7] by using Philip ver. 3.573. As the major preys of mustelids are voles, Clethrionomys rutilus and Clethrionomys rufocanus [1] , the contaminations by their DNAs are probable. Thus, the end part of cytochrome b region (first 112 bp) of the sequences of mustelids and fecal samples in this study was compared with those of the C. rutilus (Accession number; AF119274) and C. rufocanus (AF367078) derived from database "Gene bank". RESULTS PCR-amplification was successful for 47 (24.9%) of fecal samples ( Table 1 ). All of them were amplifications of target bands. However, only from five (2.6%) fecal samples, I could read DNA sequences of target region on mtDNA ( Table 1) . Failures of sequencing were mainly caused by weak signals during auto sequencing. Figure 2 shows the phylogenetic tree of five species of mustelids and five fecal samples. Species of five fecal samples were able to be identified because each of them was clustered with each mustelids species within the phylogenetic tree.
D-1 was identified as an excrement of Martes melampus. D-2 was similarly identified as that of Mustela itatsi, whreas D-3, D-4, and D-5 as those of Martes zibellina.
Only one nucleotide substitution was detected between haplotype MM-1 and D-1. One nucleotide substitution was found between MZ-1 and D-3, two substitutions between MI-1 and D-2, and three substitutions between MZ-2 and D-4. No difference was detected between MZ-2 and D-5.
Probability of contamination by prey DNAs were easily eliminated, because more than 25% nucleotide substitutions were found among 112 bp cytochrome b region between mustelids and voles DNA.
DISCUSSION
Species of five fecal samples were able to be identified. In order to monitor distribution of mustelids [5] , species identification by their feces are helpful, because it is more difficult to obtain mustelids carcasses or tissues in the field. In addition, the present study is suggested to contribute to studies of genetic relationship of mustelids.
Large numbers of failures were occurred by the end of sequencing process. Firstly, PCR amplification of many samples were failed. Small numbers of DNA copies on feces and PCR inhibitors in feces were considered to be possible factors of failures. Previous studies have presented techniques to increase success rate of PCR amplification from fecal DNA samples [2, 6] . These method may bring more PCR products. In addition, as DNAs in feces are seemed to be degraded, shorter region than the current study is appropriate for PCR amplification from fecal DNA [3] , if there is no need to distinguish closely related species such as M. zibellina and M. melampus.
Secondary, sequencing of PCR products were often failed mainly by weak signal. Small numbers of DNA copies after PCR amplification are caused into signal weakness. Using more PCR products may bring more success of sequencing processes. Cloning of target sequence may improve the success rate of auto sequencing.
Development of studies on food habit, population structure, and habitat use of mustelids depend on improving techniques of species identification of their feces. The present 
